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SUPERCONtiLICTING MAGNET SYSTEM FOR A 750 GeV MUON SPECTROMETER’

Stefan L, Wipf
Los Alamos Scientific Laboratory; MS 764

LOS Al~os, NM 87545

A spectrometer to measurt deep inelastic muon

scattering neds a uniform magr}(t.ic field, in an unob-
structed space of 0,8 x 0.8 x 6. m, of 2 T vertical and

transverse to the long direCtj.on. Outsid? the field
space is an iron shield used fr,. identifying and count-

ing of muons, for reductif n of ,trby flux, for improving
field homogeneity and .1s0 fcr containment of magnetic

forces. The magnet is compose! of 6 m long units. Each

unit is assembled by stacking ({4 largely identical sub-

urlits, Each subunit is WOUI ‘: as a flat pancake on a
window Crame 1.7 x 6 m and be ‘. into the required saddle

shape. Cooling is by ci’” \!lat:ng two-phase helium
through copper pipes attac’ /:1 to the subunits: heat
transport within windings “.q through solid contact.
Operating current, at 2 kA, ‘.3 below the full stability
limit. Half the magnetic f:rces are contained by cold
tension struts connecting ! e two sides of the coil at
top and bottom, the other ‘.?lf by supports between the
center of tne windings and ,.,e warm iron shield.

I. Introduction —

Purpose nnd specifications. The pro~sed spectro-—.. —
meter is to be used foe r~asureinent of momenta of inci-
dent and scattered muons ,?d angles between them, i The

long target, 5 cm x 5 ‘II x 50 m of beryllium, liquid
hydrogen or deuterium, ) equires a long spectrometer
field. The aspect ratl. can be small becaLsc, due to

high energies, scatteri ‘j angles and curvature of par-

ticle tracks Ire small, Particle tracks are recorded
with time projection CF .I:,bers (T PC) located in the air
gap every 0,8 m in tk Icng direction, The TPC need

fields of high homoge, .~!ty (: 2%) over their volume;

their preoision is SUC’. Lhat a 2 T field is sufficient.
The iron yoke is needf( primnrily as a muon lrlt?ntifi?r,

The availability of s t~ble iron plates dctc:miucs the
choice of the field c :ss section as 0,8 x 0.8 m, The

spectra’ncter operates n :$ dc mcdr?, b(Jt it id dcsirab]c
occasionally to rever~,. the p)lar:ty from + 2T to -2T

order to iwernge systi, i<lt. ic errors.
in
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General requirement. The magnet must operate very -
reliably and be economical in construction arid opera-
tion.

Design principles. A modular design with self-
contained units of 6 m length allows off-site construc-
tion md transport of the magnets and does cot give toa
many interruptions of the field by the saddle crosstngs,
provided these use a minimum of longitudinal space,

Each of ten 6 m units stores 9 MJ of magnetic energy at
an operating current of 2 kA. Operation is below the
full stability limit (i.e. minimum propagating zone is
infinite, or cold-end recovery is possible), The wind-
i~s are not potted, and indirect cooling of the super-
condu~to? by heat conduction through solid contaot in
vacuo avoids the necessity of an inner vacuum shell. An
inner vacuum shell is a source of leaks impairing opera-

tion reliability and adds to the construction costs.
Heat transpor+. through solid contact has never been used

in this manner; the missing experience must be replaced
hy careful verification tests. Should solid contact
prove unreliable, an inner thin-walled vacuum shell
filled with liquid or supercritical helium could be

added without further alternati,l,!s.

II, Construction

Assembly. The assembly of the coils is illustrated
by Fig, 2 and de.scribed as follows.
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i) 22 turns of square orosa sac:ion wire are wound ea a

flaL pancaka onto a window fraae coil form. The 0011
form of high conduot. ivity coppar sheet (1 .9 SMI thick) la

in two halvea, connactad by G-10 plates at the middle of
the narrow ●rids, to avoid unnecessary eddy currents:
(capper cooling tubes of triangular profile are attached
to the inner ~ges (see insert Fig, 2 and (b) in Fig.

3). Half tha ooils ara round oloakuise, the other half
antiolockwise.
ii) The ooils are bent around a 10 cm radius to an

~ncle of 70°0 The angle is given by tha axact dimen-
sions of wira, insulation and CO}l form: COSa ■ d/(4 b),
where ds ❑ u[2b2 + b(qb’-a’)’ ‘1: d la tha vartiaal
trawalatioq in the stack from ona ooil to the next, and

a and h arr dimensions indicated in Fig. 2.
iii> Alternate olook- and” anticlockwise coils are
ataok.sd, using suitable insulation between coils, in
addition to the wrapped insulation on tha oonductor. At
the bottcm and top of the ataok ●ra sane coils with
fawar turns, having the sane inside dimensions (bottom)

or outside dimensions (top, with round cooling tubes).
Iv) The stacks are oornbinad with the aluninun pressure
plate (a) to which the outer aet of triangular cooling
tubes in at.taohad (b). ClmIps in the form of 1/4” thick

G-10 strips ara applied ●very 20 am of the length of tha
prasaure plate. The original ourvature Of the G-10
etripa provides a siight pressure on the assembled ooil
●nd keeps the ,,:indinga in place egains~ gravity.

Electrical connections TIIC panaake coils are
aonnected at the midd~~na of the crossings. All
the Lop und all the bottcm s:ddle coil: are conn~cted in
series between the unit: by means of an extra half turn
located in the outarmost pancake. v

Cooling circuits, The inner and outer aooling tubas
are connectad in paral:sl aa ❑s to farm 8 separate cir-
cuits for ●nah 6 m urlt, The corrcspending sets nre
connected between R1l units in series. Two refriger-
ators eaah operate into 4 of the re~ulting 8 circuits.
During cold operation the 4 clrauits are in series. For
COO IIIOWII all circuits run In parnilci, thu caolant flow-

ing in the snne direction, driving n ccld rront rram the
rer! !gerators to tha warm end and returning through a

Sepor.lte llne outside the aryostats.

Fifty layers af superinsulatian at 20 layara/c+n and
o capper shield (c) nt 70 - 100 K keep the heat leak nt
4 K to &out 6 U per 6 m unit. 4 further 5 W come
throu~h thw wnr+n aupprts (e),

Tlr Forces— .-—..

Lorcntz r,,,.t.s At 2 T tha totnl rorce of the wind-—— . . . . . .
trigs onto the pressure plate IS 1,9 MN prr m length,

alr tha forcn is trnnsmittcd vin cold tcnslon manbcrs
(R), Iocnted every 40 cm at top and bottom, to tho
opposite prerwmre plnt~, Terl~l,JII mmhcrs are of atnln-
10ss steel, cnrrving 0,16 MN eaah: their T-shnped ends
flt into slot.1 or i,lle pressure plnte, The other hnlr of

the rorc@ is tranmnitlod thraugh center supportn (3) to
room temper nturc nnd “III the lrcn yoke to tho opponile
eup~rts. These ~up~i-t~, In sets or 36 cm l~l~th, ench
oarrylng 0.3.? HR, cotlsl:; t Or 0 eq,lnlly spncml prensure
psts or ?poiy glnss-rlbor (G-ICI) connoctcd by tension
rnmnbers ar stninlnss st.t?l ~hod to prnnsuro mmnbors of’

G-IU plnlrs, Tho wnrm sup~rts stnrt opcratlng nt cwr-
rentn >;80 A, when the c~ntnr d?formntion of thr
prmnsuro plntn~ rww,h~- 7 M.

(lrnvlty nnrl iron n:trnrtinn, T}, r ,~nlght ar thm cold-_-— ---------- --
mnss or 6 tons in to he cnrriod by ‘1 stninlesq stwl
bnnda, spnc-d 80 em, runnin~ rrnm t.hn bottom or th~
rronsur~ ulnte to tho ton of thn nut. mr vncllum sh~ll.
&nt&lng”within

znnt. nl ntninless
tuh~m m thp mid
ar all 60 wires

thp irnri ynkms is achlevrhl by hori-

mt?el wlren (h) locntmi in the SIMII!

tennlan mrmbrrs, The spring nonatanl,

1s WI IM/N (@U,5 m/tan), eonnldnrnd
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I~DI~ WADHAm, INCLUDINfl CRYOSTAT

Vertical u[jward movement is

restraind- by 7 wires from top ok pressure plata to
bottom of vacmm shell.

Vacuum @oraen, The walls or the vacuum shell (r)
are too thin to sup~rt tho bending monent or the vacuM
forcas unnided, [nner Rnd ouler wnll nre kapt apart by
warm G-10 prca.zuro W,l’uts (d;, every 40 cm, carrying 40
kN anch, These struts hnve nn N-prnf’iln to prevent
buckling; aituntod between tha main suplmrta, in wide
enough ahannels through the middle or the pressure

plntes, they do not touch nny atruoture at U K.

Iv. , St.lhility r eperntion—.- —.- —

Conrhictor, Tho conduator cansiJts or 16 wires,— ---- . . . ..-
uach 0,6]5 mm 4imrater, with 36U NbTi riltments nnd a
aopper to sllperconductar rntio n!’ 1.8, aablcd nround n

aqunrq Cu core or 2 mm aide, Two layarm of’ copper wire,
or a anlld nnpyr mantml, give a rinnl s!zm Or 5.7 m
nidcs nnd nn ovnrnll cnpper to superconduct, nr rntio or
16:1, TIIC whaln 1s eonted with pure ind iurn. Th@
lnnllll.!,”,~n In I nr ? mll Kapton, Nmnez, T?rlon, Myl@r:
the nhoico depen(llng on thr boat prrformnnar with rognrd
to contnct bent tranarrr (to ba detnrmineft), Short
srwnplr owrrent, nt 2 T nnd II K is 6 kA,

,9t,nhlllt~ cf sup@rcond\ict in&n~rrntlon. Ilirr@ 1s—.-. . - — ..- - -- ----- ..-—
U1?IIJII1 {or ulw?nnditlonni~ ntnbility ir JCUI1O hnnting In
tho normnl atntn dom not @ma@ad loctni cooling into the
coolnrlt. At the limit of’ glabnl stnbllil.y the minimwn
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DIFFERENT GECt4kXRI-5 OF MINIMO?4 PROPAOATINO ZONZS

recavery zone (MRZ) is zero 2 (also called limit of
lateral recovery). At higher c~rrents stability is

still acceptable and recovery is PCJssibl@ provided a
zone larger than the MRZ is ktpt s’Jperconducting. The

limit is reached when both MRZ and minimum propagating
zone (MPZ) are infinite; this is called full st~bllity
limit (also cold-end recovery limit), Beyond the full
stability limit the MPZ is finite, and stability is only
sufficient if disturbances are correspondingly small.

There aro 3 geometries of MPZ to be considered, as

illustrated in FiK. 4.
a) Single conductor, If it is in coolod contact on all
four sides it has globol stability to 2.2 kA and full
stability to 2.9 kA. The stability parameters are3: C

1,3 and t = 0.22. However, if only one side is i d
cooled contac? the global stability limit is at ‘1.26 kA

and full stability at 1.7 kA and at .? kA the MPZ is 1’/
cm long (C

\

= 0,325; (0 ❑ 0.055). This means Lhnt
sin~le conductors nuch as current 1cM13 betw~en coils
must be cooled on more thnn ont! side; any one sided

cooling over a distnncc longer than the MpZ cannot be
tolerated,
b) Single pancake, Limit of globnl stribility is at 1.7
kA, full stability at 2,16 k), (t = 0,68; to : 0.1.?),
Thio Ca7JC rcflocts the stnhility o ~ the wholc coil ,,ndc.r
normal operating conditions.
c) Cool inp, into whole windinq (coolant not actlv ~), The
MP% io nlwlays finite. ” At .? kA the 14PZ, Ciflnr-s!!apcd,
19 31J cm iOng and Ilns u central diame:(~r of 1 cm, i.e.

it is eqilivnlcnt to two nol KllhorinK conductors hojng
normol for n lenflt. h of 71 cm, Th(, oncrv)y rrqllirvtl Lo
produr!c allch a normal zone 1s 0,15 ,!. Thtn cnnc rcpr~
sent..] the Sit. u,lt ion nftcr a tot:ll cool infl tjreak(!own.

different materials; M . 3 x“yield strength (Pa). Such
a correlation produces very nearly the sane result as
the above 20% ass,lmption. Pure iridium coating is expec-
ted to improve heat contact because of its IOU yield
strength. Experir.ental determination is neces~arY.

v. Cost estimate and further detail,

The cost for a 6 m unit, including cryostat, is
estimated as 340 k$. This includ.s conductor cost of
150 k$, other material costs of 15 k$, labor 95 k$,
engineering and contingencies 80 ‘{$. A comparison with
1979 prices6 of COilS of similar gecmetry iS given -n

Fig, 5 where the weight of a large number of other cc,ls
is also entered, demonstrating the well knawn t.’end
(=E-o,* ) of increased efficiency towards higher

- o,l L- Io-r————”,~2
FIG, 5—.-—. ENERGY ‘(MJ)

CLRtPARISON OF SEVEXAL COILS
price sale applies Only to

9;
weight scale

does not apply to Doubler an Isabelle dip”les

Further detail on the above tonics an(l also nn eddy
current and cooling losses fire fo,jnd in ref. 1 and in
the following table,

TA!\l,l; OF DATA (t’or 6m unit, unless spe~ifled OtnerNISe)

fll:,mt.t,t crltlcal .urrent, dennlty (2?) 330 kA/cm’
opera tin! current 2 kA
turns *96
lnductnnce 4.?? N
avcr;,,,,~conductor current dtrnnlty 6,15 kA/cns
wlndirv; + prnssure pllte cr039 ueet lot. 812 cm$
ovnr,.11 curvetlt (lenoity 2 kA/cm -
Guencn CIIr ,,nt, .3 Stlll$l+.lwl 2.5 kA
l{ufrll;er:~’ power cnnnumplion rOr ail 10 unltn, JpprOx,

de r>pcr,,( lon (no @d,ly current 10!’ IOPS ) 65 kW
mair,t&illin}: II K (cryonttlt in~lo only) 7ti k’d

l.en~t. n [)~ coolln~ rlrcult (Jll lC> unit. n) 1~2.j m
flw cro33 3ecti0n, ●ncn elrcull ! cm’
min!rnum cnolanl rlOw, tOlnl 6 Klri
C:*W ,IpeIxl, an .u,,~~:sO cmfn; 118 I!quld: 7 cmln
tlrllum lvvl.l:lvy 45 1
tnermal .ontro tl(,n, NT to OK ? ,,m
rnld n,lsn 62[)(1 k~
OULPr tacu”m finell ~h(,lo k~

VI, com:lusi,~n—— .. .... .-

~frnronl!nn-.. .-—

1, FNAI, I}I{OPO:IAI, N(*, (14’11 npok,+nmntl - 11.I,,AIId. f’Ro,I, AVr, i~NM
2. ::, 1,, Wlpr, XHt’K Tr!nn, i=t$gn, MNI-l l,, i71 (1’JIII)
i, n, rmr. ;1 nntl :1.1, WIIIi , I,h:ii,i;,l,,l”i<iLA-1:115, tfl~a,l;} h 1!,


